Background: Data from trials of vedolizumab for inflammatory bowel disease and from real-world studies suggest an exposure-response relationship, such that vedolizumab trough levels may predict clinical and endoscopic outcomes. Objective: The purpose of this study was to evaluate in a prospective observational study the utility of an early vedolizumab trough level assay for predicting the first-year vedolizumab therapy outcome. Methods: This prospective observational study included consecutive inflammatory bowel disease patients. We measured vedolizumab trough levels and anti-vedolizumab antibodies at weeks 6 and 14. Clinical outcome was assessed at weeks 6, 14, 22 and 54. The primary endpoint was the correlation between early vedolizumab trough levels and vedolizumab persistence over the first year of treatment, defined as the maintenance of vedolizumab therapy due to sustained clinical benefit. Results: We included 101 patients initiating vedolizumab. A cut-off vedolizumab trough level of 16.55 mg/ml at week 14 predicted vedolizumab persistence within the first year of therapy, with 73.3% sensitivity and 59.4% specificity (p ¼ 0.0009).
Introduction
Vedolizumab (VDZ) is a humanised monoclonal antibody able to bind a4b7 integrin expressed on circulating lymphocytes, selectively preventing their migration into the gut mucosa. 1 The Food and Drug Administration and the European Medicines Agency have approved VDZ for moderate-to-severe Crohn's disease (CD) and ulcerative colitis (UC) patients who do not respond or are intolerant to conventional therapy or tumour necrosis factor alpha (TNFa) antagonists. 2, 3 Its approval was based on the results of the phase 3 study of vedolizumab in patients with moderate to severe ulcerative colitis and Crohn's disease (GEMINI) programmes, which included 1500 patients who received VDZ therapy with follow-up of up to five years. [4] [5] [6] [7] [8] Long-term GEMINI efficacy data showed that patients who initially responded to VDZ treatment had a large probability of maintaining benefit over time. [7] [8] [9] [10] Although therapeutic drug monitoring (TDM) has been widely validated and is routinely applied in referral centres for anti TNF-a drugs (especially in cases of loss of response), 11, 12 its role in VDZ therapy remains controversial. The GEMINI studies revealed a relationship between VDZ exposure and response, with higher VDZ concentration quartiles at week 6 being associated with increased rates of clinical response and remission at week 6, among both UC and CD patients. 4, 5, 13 Moreover, UC patients with higher VDZ concentration quartiles at week 6 were more likely to achieve clinical remission at weeks 14 and 52. 14 Real-world emerging data suggest that the assay of early VDZ trough levels (VTLs) could predict response, mucosal healing, and need for dose optimization. [15] [16] [17] [18] [19] [20] In clinical practice, therapeutic success can be appropriately gauged by persistence, which reflects several variables, including effectiveness, safety and tolerability although it may be influenced by the availability of additional lines of medication. 21 In the present study, we investigated the utility of an early VTL assay for predicting the first-year VDZ therapy outcome and identifying patients at higher risk of VDZ therapy failure.
Materials and methods

Patient population and study design
We conducted an observational, prospective, cohort study at two Italian referral inflammatory bowel disease (IBD) centres. The study included consecutive IBD patients starting VDZ between August 2016-December 2017. Inclusion criteria were: being >18 years old, having confirmed diagnosis of UC or CD, moderately to severely active disease and being non-responder or intolerant to conventional therapies including anti-TNF, being naı¨ve to VDZ or other antiintegrin drugs, receiving at least four VDZ infusions and signing the informed consent. Exclusion criteria were pregnancy, lactation, previous total colectomy in UC, and contra-indications to VDZ use as specified in the VDZ prescribing information. 3 Serum samples were collected at weeks 6 and 14 and assayed by ELISA (Theradiag, Marne-la-Valle´e, France). The limits of detection ranged from 2-60 mg/ml for VTL, and from 35-500 ng/ml for anti-vedolizumab antibodies (AVA). Throughout the study, the clinicians were blinded to the VTL and AVA measurements.
All patients received a 300 mg infusion of VDZ at weeks 0, 2 and 6 (induction phase), and then every eight weeks thereafter (maintenance phase). Patients who were non-responders at week 6 were given an additional 300 mg VDZ infusion at week 10, at their physician's discretion. After week 14, shortening of the interval to one infusion every four weeks was performed in cases of continuous incomplete response or loss of response. All concomitant therapies were allowed, except for other biological therapies.
The following data were collected from the medical records: gender, age, IBD type and duration, IBD location according to the Montreal classification, 22 body mass index (BMI), smoking habit, clinical and endoscopic activity, concomitant use of steroids and/or immunosuppressants, and previous exposure to anti-TNFa therapy. We also recorded the date of the last infusion of anti-TNF-a, which was categorised as either > or <12 weeks after the first VDZ infusion. Baseline and follow-up clinical activity were measured using the Harvey Bradshaw Index (HBI) 23 for CD, and the Partial Mayo Score (PMS) 24 for UC. Baseline endoscopy was executed within three months before starting VDZ, and follow-up endoscopy within 54 weeks after starting VDZ. Baseline and follow-up endoscopies were performed at the discretion of the treating physician. We also recorded the baseline serum albumin and C-reactive protein (CRP) values at baseline and at weeks 14, 22, and 54 (normal range: 34-48 g/l and <5 mg/l, respectively).
All recorded procedures were performed as in the usual clinical routine.
Ethical considerations
The protocol was approved by the local Ethics Committee (Fondazione Policlinico Universitario A. Gemelli, 21 July 2016) and all enrolled patients gave written informed consent. The study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki as reflected in a priori approval by the human research committee of Fondazione Policlinico Universitario A. Gemelli.
Outcomes and definitions
The primary aim was to explore the correlation between early VTLs (weeks 6 and 14) and VDZ persistence over the first year of treatment for sustained clinical benefit for IBD. We defined clinical benefit as a significant improvement in symptoms according to the treating physician's opinion, in order to maintain treatment, without steroids, new prescription of immunosuppressants or surgery.
Secondary outcomes were the correlations of early TL with clinical remission at weeks 14, 22, and 54, with clinical remission at weeks 22 and 54 plus CRP < 5 mg/l, with mucosal healing (MH) within the first year and with CRP, serum albumin, and BMI. In CD patients, clinical remission was defined as an HBI of 4, without steroid treatment. 23 In UC patients, clinical remission was defined as a PMS of 2 with no subscore of >1, without steroid treatment. 24 Endoscopic remission was defined as the absence of any deep ulcerations for CD, as a Rutgeerts'score 25 <2 for operated CD, or as an endoscopic Mayo subscore of 1 for UC. 24 
Statistical analysis
Continuous data were described as median and interquartile range (IQR), or mean and 95% confidence interval (CI), as appropriate. Discrete data were described as percentages. Baseline characteristics, clinical and endoscopic outcomes, and VTL assessment were compared using the Mann-Whitney test, t test, 2 and Fisher's exact tests, as applicable. Correlations were explored using Spearman's rank test. We established the VTL cut-off level that predicted the outcomes using receiver-operating characteristic (ROC) curve analysis. Treatment persistency curves were obtained using Kaplan-Meier survival curves and the log-rank test. A two-sided p value of <0.05 was considered statistically significant. Analyses were performed using MedCalc Statistical Software, 9.2.1.0 (MedCalc software bvba, Ostende, Belgium).
Results
Study population and patient outcomes
We included 101 IBD patients (42 CD and 59 UC). Table 1 summarises the clinical and demographic characteristics of the whole population.
Based on the clinician's judgement, 35 patients (34.6%, 27 CD and eight UC) received a supplementary dose of VDZ at week 10, and 53 patients (52.5%, 30 CD and 23 UC) received VDZ infusions at a shortened four-week interval after week 14. At weeks 14 and 22, respectively, 32.7% and 35.7% of patients showed clinical remission without steroids, and 17.8% and 22.8% of patients showed clinical remission plus normal CRP. Median CRP values dropped from 8 mg/l (IQR, 5.3-9.9) at baseline to 3.15 mg/l (IQR, 1.5-6.6) at 54 weeks of treatment (p ¼ 0.0016). At week 54, 65 patients (64.4%) continued to receive VDZ treatment, of whom 41 patients (63%) were in clinical remission without steroids and 22 patients (21.8%) were in clinical remission and had normal CRP. VDZ persistence was not significantly different among CD and UC patients (73% and 57%, respectively, p ¼ 0.09). CD and UC patients had significantly different remission rates only at week 54 (52.4% CD and 32.2% UC; p ¼ 0.04) but did not significantly differ with regards to the rates of patients in remission at week 54 with normal CRP (Supplementary Material Table 1 ).
Among the 89 patients who had baseline endoscopy data available, 58 underwent follow-up endoscopy after a median of 52 weeks. MH was achieved in 39% of these 58 patients (41% UC and 37% CD; p ¼ 0.75). However, the percentage of patients achieving MH calculated according to non-responder imputation (NRI) was 25.8% (39% UC and 21.8% CD, p ¼ 0.52). Compared to patients receiving the standard dose, patients who received treatment optimization were more likely to achieve MH (67% vs 39%; p ¼ 0.037, as observed).
Correlation between early VTL and patient outcome
In the overall population, median VTL was 28.3 mg/ml (IQR, 16.9-39.8) at week 6, and 18.4 mg/ml (IQR, 11.8-25) at week 14. VTL at week 14 did not significantly differ between patients who did and did not receive an additional dose at week 10 (20.3 mg/ml vs 17.9 mg/ml; p ¼ 0.06). Compared to UC patients, CD patients had a significantly higher VTL at week 6 (31.8 vs 27.1; p ¼ 0.04) and week 14 (20.6 vs 17.5; p ¼ 0.01). AVA were detected in five patients (5%, four CD and one UC) at week 6, and in three patients (3.2%, all UC) at week 14, and were not correlated with clinical outcomes. Only two of the eight patients with detectable AVA had a low VTL. Concomitant immunosuppressant therapy did not impact VTL or AVA at week 6 and at week 14 (data not shown).
Analysis of all included patients revealed that a VTL cut-off of >16.55 mg/ml at week 14 predicted VDZ persistence within the first year of therapy with a sensitivity of 73.3% and a specificity of 59.4% (p ¼ 0.0009). The area under the receiver-operating curve (AUROC) was 0.686 ( Figure 1 ). Kaplan-Meier survival analysis confirmed that a VTL of >16 mg/ml at week 14 was associated with VDZ persistence up to 54 weeks (hazard ratio (HR) ¼ 2.4; log-rank test: p ¼ 0.009; Figure 2) . We also performed a separate survival analysis for VDZ persistence in the two subpopulations of UC and CD, and the trend was maintained although it was only marginally significant for UC (HR 2.18; logrank test: p ¼ 0.047) and non-significant for CD (HR 2.39; log-rank test: p ¼ 0.16) (Supplementary Material Figure 1 (a) and (b)). We found no significant correlation between VTL at week 6 and VDZ persistence. Table 2 reports the results of assays at week 6. VTL at week 6 was significantly higher among patients who were in remission at week 14 (p ¼ 0.02) and at week 22 (p ¼ 0.01) compared to those who were not. Among UC patients, VTL at week 6 maintained a similar correlation with clinical remission at weeks 14 and 22 (p ¼ 0.005; Supplementary Material Table 2 ). Among CD patients, higher VTL at week 6 was associated with MH (p ¼ 0.0059; Supplementary Material Table 3 ). ROC curve analysis revealed that within the whole IBD population, a VTL of >29.9 mg/ml at week 6 was indicative of remission at week 14 (AUROC, 0.641; p ¼ 0.02), and a VTL of >29.3 mg/ml at week 6 was predictive of remission at week 22 (AUROC, 0.652; p ¼ 0.01) ( Supplementary Material Figure 2 (a) and (b)). VTL values at week 14 were significantly higher in patients who showed clinical remission at weeks 14, 22 and 54 (p ¼ 0.0001, <0.0001 and 0.008); in patients who showed clinical remission plus normal CRP at weeks 14, 22 and 54 (p ¼ 0.006, 0.004 and 0.03); and in patients who achieved mucosal healing (p ¼ 0.0008) ( Table 3 ). Similar observations were made when analysing each clinical outcome among UC patients; however, among patients with CD, VTL at week 14 was higher only in patients with mucosal healing (Supplementary Material Tables 4 and 5) .
We also performed ROC curve analysis with VTL at 14 weeks, and found that a cut-off of >16.4 mg/ml at week 14 was associated with clinical remission at week 14 (AUROC, 0.741; p ¼ 0.0001), while a cut-off of >17.3 mg/ml was associated with clinical remission plus normal CRP at week 14 (AUROC, 0.712; p ¼ 0.0049) ( Supplementary Material Figure 3 Figure 4 (a)-(c)). We also examined the correlations of early VTL with CRP, serum albumin and BMI, and only found that week 14 VTL showed a significant correlation with albumin levels (Spearman's rho ¼ 0.204; p ¼ 0.0107).
Quartile analysis
We also analysed the clinical outcomes according to quartiles of VTL. Remission rates at week 14 significantly differed between VTL quartiles 1 and 2 versus VTL quartiles 3 and 4 measured at week 6 (p < 0.019), and remission rates at week 22 significantly differed according to quartiles of VTL measured at week 6 (p ¼ 0.04) (Supplementary Material Figure 5 (a) and (b)). We also found that remission rates at week 22 (p < 0.001) and week 54 (p ¼ 0.0076), and mucosal healing (p ¼ 0.013) significantly differed according to quartiles of VTL measured at week 14 (Figure 3(a)-(c) ).
Discussion
We analysed the value of early VTL assessment for predicting first-year therapeutic success with VDZ in clinical practice. We observed a positive correlation between exposure and response, with patients having a VTL of >16.55 mg/ml at week 14 showing a higher probability of maintaining VDZ therapy at one year. To our knowledge, this is the first real-world study to identify a correlation between early VTL and treatment persistence at one year. VTL at 14 weeks was higher among patients who achieved clinical remission at weeks 14, 22 and 54, and those who achieved mucosal healing within the first 54 weeks. VTL at six weeks seemed to mainly predict clinical outcomes during the first six months, including clinical remission at weeks 14 and 22. Quartile analysis for VTL at weeks 6 and 14 confirmed the dose-response relationship. These results suggest that early VTL assessment may be useful for achieving adequate levels during induction and for obtaining better clinical outcomes during the first year of treatment. These findings confirm prior data from the literature, and extend the clinical follow-up up to one year. [15] [16] [17] [18] In particular our results apparently outline a better correlation of VTL with clinical outcomes in UC patients as compared with CD, although this difference could be at least partly due to an insufficient number of patients for a separate analysis. A multicentre French study reported that a six-week VTL of <18.5 mg/ml was a good predictor of the need for dose-optimization (VTL every four weeks) within the first six months, highlighting the importance of adopting prompt optimization or a switch strategy in this patient group. 15 Other studies have shown that week 6 VTL seems to predict MH and long-term sustained response on therapy. 16, 17 According to the summary of product characteristics of Entyvio, in non-responsive cases, therapy should not be continued beyond 10 weeks for UC patients or beyond 14 weeks for CD patients. However, CD patients could receive an additional infusion at week 10, and both UC and CD patients could benefit from shortening the interval between infusions to every four weeks after week 14. 26 There is not enough evidence to support the use of a TDM-guided optimization strategy in non-responsive cases in clinical practice. However, as suggested by Dreesen et al., early VTL assessment could potentially help physicians to distinguish two categories of patients: those with sub-therapeutic levels, who might benefit more from dose optimization (high VDZ clearance/insufficient exposure); and those who did not respond despite therapeutic levels (insufficient time/ mechanistic failure). 18 The ongoing randomised vedolizumab intravenous dose optimization in ulcerative colitis (ENTERPRET) study (NCT030291439) should provide a better understanding of the VDZ exposureresponse relationship, and more robust evidence regarding the appropriateness of adopting a TDMguided decision-making strategy for VDZ efficacy (in terms of mucosal healing). In the ENTERPRET study, UC week 6 non-responders with sub-therapeutic VDZ levels at week 5 (cut-off of <50 mg/ml) are randomised to receive either VDZ standard or optimised treatment (300 or 600 mg every 4-8 weeks).
We found a correlation between VTL and serum albumin, but not between VTL and BMI. This might be related to the rather homogeneous distribution of BMI within our cohort (median BMI, 22.91; IQR, 20.9-24.8), not including undernourished or obese patients. In our study, the immunogenicity rate of VDZ was 8%, regardless of the concomitant immunosuppressant use, and had no significant impact on clinical outcomes, as previously reported. 4 Our study has limitations: first, the calculated AUROCs for VTL predictive accuracy are modest, although significant, and should be confirmed by further studies. Second, it was an observational study, and VDZ therapy was managed in terms of dose optimization, regardless of the VTL and AVA results. Third, we included a mixed cohort of IBD patients. When the patients were stratified by disease, VTL was associated with all effectiveness outcomes only among UC patients. Indeed, most CD patients received an additional VDZ dose at week 10, regardless of their week 6 VTL, and CD patients displayed higher VTL values than UC patients at both weeks 6 and 14. Furthermore, our immunogenicity data could have been affected by the use of a drugsensitive assay. Finally, we did not report endoscopic outcome data for the whole cohort, and did not use an endoscopic score to assess CD.
In conclusion, we showed that a high VTL at week 14 was associated with a higher probability of maintaining VDZ therapy over the first year for sustained clinical benefit. Moreover, VTL at weeks 6 and 14 seemed to predict clinical and endoscopic remissions within the first year. These findings underscore the utility of achieving an adequate VTL during VDZ induction, and support the potential use of early VTL assessment to identify patients who may benefit from continuation and/or optimization of VDZ therapy after induction. Future randomised controlled trials are needed to address the cost-effectiveness of adopting a TDMguided optimization strategy for patients who do not respond or show a suboptimal response to VDZ.
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